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. (71) We, LOCTITE CORPORATION, a corporation organised under the 
laws of the State of Connecticut, United States of America, located at 705 N. Mountain 
Road, City of Newington, County of Hartford, State of Connecticut, United States of 
America, do hereby declare the invention, for which we pray that a patent may be 
5 granted to us, and the method by which it is to be performed, to be particularly des- 5 
cribed in and by the following statement; — 

This invention relates to anaerobic compositions having plastic flow character- 
istics. 

Anaerobic compositions are catalysed, polymerisable mixtures which generally 

10 function as adhesives or sealants for the joining of non-porous surfaces. A prime 10 
reason for the great popularity of these compositions is their unique inhibition mechan- :V. 
ism. As long as the compositions remain in contact with adequate amounts of oxygen, 
such as atmospheric oxygen, polymerisation or cure of the composition will not com- 
mence even though the composition contains a significant amount of a room tem- 

15 perature polymerisation initiator. 15 
When the anaerobic composition is placed between surfaces which are relatively 
impervious to oxygen, however, the stabilising effect of the atmospheric oxygen is 
removed and cure commences within a relatively short time. The products are con- 
ventionally sold in partially empty, low-density polyethylene bottles. As the bottle is 

20 pervious to atmospheric oxygen, the liquid is continuously contacted by fresh oxygen 20 
through the bottle walls and from the air space in the bottle. As a result, it is possible .*? 
to precatalyse a polymerisable composition which can be used as a single component 
sealant or adhesive, and still have the composition remain in the stable, uncured state 
for periods of one year or longer prior to use. 

25 In recent years considerable effort has been devoted to adaption of anaerobic 25 

compositions' and their accompanying technology to production line applications. This 
has taken the form of both application techniques, principally application equipment 
specifically designed to handle anaerobic compositions, and modification of the anaerobic 
compositions to render them more useful at production line speeds. For example, 

30 high viscosity or thixotropic anaerobic compositions have been prepared in an attempt 30 
to develop anaerobic systems which have greater capacity for retention on parts to 
which they are applied. These increases in viscosity and thixotropy have been obtained 
by the use of both organic materials such as organic polymers and inorganic com- 
pounds such as silica. Compositions of these types are described, for example, in our 

35 copending application No. 52403/71 (Serial No. 1362407). These compositions have 35 
not been totally satisfactory since under commonly experienced temperature changes 
and "mechanical shock, such as vibration and normal handling procedures, even high 
viscosity or thixotropic materials are likely to flow from the parts to which they have 
been applied to some extent, reducing the bonding or sealant efficiency, and raising 

40 the possibility of flow of composition to an undesirable area. 40 
More recent attempts have involved the preparation of non-flowable anaerobic 
compositions, such as anaerobic compositions in sheet or waxlike form. Compositions 
of this type are disclosed, for example, in United States Patents 2,547,851 and 
3,625,875. Such compositions exhibit many of the properties of solid or semi-solid 

45 systems, such as melting or transition from the solid to the liquid state over a relatively 45 
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narrow temperature range. While these systems offer substantial advantages in the 
area or retention on the part to which they are applied, they have not been very easy 
to apply and frequently have produced reduction in certain properties, such as shear 
strength, solvent resistance and heat resistance of the cured product 

An anaerobic composition which could be applied to parts destined for assembly, 
which was capable of being retained on the parts with little or no migration there- 
from, and which retained the bulk of the cured properties of conventional liquid 
anaerobic ccmpcsitions, would be a major advance in the area of parts assembly via 
adhesives and sealants. ' 



This present invention provides an anaerobic composition having a yield point and 10 
hence plastic flow characteristics, i.e. which is gelled and non-flowable when at rest 
but can be turned into a flowable liquid with the input of modest amounts of mechani- 
cal energy. More particularly the composition comprises a polymerisable acrylate ester 
monomer, a peroxy polymerisation initiator capable of polymerising the ester at room 
temperature in the substantial absence of oxygen, silica or a hydrated silica-alumina 15 
clay having, an average particle size of 2 microns or less (frequently hereinafter referred 
PL* JrS an , d s . llica , cla - v ">> and a P° lar coupling agent for the said silica or 
nydrated sihca-alumina clay having at least two active hydrogen atoms, the anaerobic 
on exposition having a yield point of at least 100 dynes per square centimetre. 

_%k- m 7 e J ltl0n Provides a process for the production of an anerobic com- 20 
position as denned above which comprises umformly distributing the silica or hydrated 
sihca-alumina day and the polar coupling agent therefor in the remaining components 
or the anaerobic composition, and allowing the mixture to stand until it forms a eel- 
litee substance. 

The invention also provides an article for assembly with a mating second article 25 
at least a portion of the engagement area of the article being coated with an anaerobic 
composition as defined above. «uw=iiidh. 

As indicated above, silica-type materials have been used as thickening agents or 
tlnxotropic agents in anaerobic compositions previously, but have been generally found 
to be less satisfactory than organic polymeric thickeners and thixotropic agents since, 30 
^i-fr 5 TP 1 leVe i s of ^ silica-type materials have had adverse effect on the 
stability and/or speed of cure of the anaerobic composition, and presented significant 
processing problems during manufacture. Further, it has not hitherto proved possible 
to prepare anaerobic compositions possessing .plastic flow characteristics. The fact that 
such compositions can be prepared is surprising in that the flow and diffusion character- 35 
isgcs of liquids, which have been felt to supply oxygen to anaerobic compositions for 
stability, no longer exist. 

The composition of this invention, in contrast to the conventional prior art liquid 
anaerobic composition, is gelled and non-flowable when at rest, and hence will not 
40 flow from a part to which it is applied. This remains the case even under modest inputs 40 
ot mechanical energy or normally encountered temperature changes. The yield point (the 
measure of input of mechanical energy which first commences laminar flow within the 
f™??™ composition) is at least 100 dynes per square centimetre, and preferably at 
least 200 dynes per square centimetre. This will ensure that the anaerobic composition 
S2t m *5 C geUc £. and non-flowable state under normal handling conditions. 45 
Naturally, under conditions of higher inputs of mechanical energy, such as transporta- 
tion on vibratory conveyors, higher yield points are desirable. Rarely, however, will 
the yield point need to be above about 400 dynes per square centrimetre to prevent 
m * .- mg a,nd *?ons> and hence it is highly preferred that the yield point 

50 fox the compositions according to the invention be above this level. 

« iP?.ir el ? S 6 yi ? ld P° bt is generally a question of convenience, although 

if exceptionally high yield point values are achieved it may become difficult to work 
with the anaerobic composition and return it to its liquid state. The maximum yield 
point level is generally 10,000 dynes per square centimetre, preferably 7,000 dynes 
55 per square centimetre, and most preferably 5,000 dynes per square centimetre. 

v • Z^_ the J yi ? ld p ° mt ? as ^ exce eo!ed and the anaercbic composition has h'quefied, 
tI^kI^^ °!f *5 V1S ^ ,ty rapidly M P ossiblc t0 a Sophie state! 

r.^w /ST^f * t, pt ? biIlty of ^ e anaerobic composition to automatic application 
«n l^EJ^k the composition exhibits a high shear viscosity between 1,000 

60 and 100,000 centipoise, more preferably between 1,500 centipoise and 50,000 centi- 
poise, and most preferably between 2,000 and 25,000 centipoise. As used herein, "high 
shear viscosity refers to the equilibrium viscosity of the liquid measured under hiSi 
gar conditions, such as the Brookfield viscosity at 30 «^utio«™S£S 

The first additive necessary to produce die yield point anaerobic compositions of 65 
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this invention is silica or a hydrated sflica-alumina clay. Silica (Si0 2 ) is a common 
inorganic chemical available under a variety of trade names and in a variety of forms. 
The hydrated silica-alumina clays are available with a wide variety of molecular struc- 
tures, all of which have silica and alumina (Al a 0 8 ) as common structural components. 
Some of these compositions contain only hydrated silica and alumina (such as kaolinite 5 
and pyrophiliite), while others have included within their structure salts or complexes 
of other metals, such as magnesium (montmoriUonite) or sodium (bentonite). While 
these materials are complex in structure, they do form a well recognized class of clay 
materials and are well known to those skilled in the art. 

To be useful in the compositions of this invention, the silica or hydrated silica- 10 
alumina clay should have an average particle size of 2 microns or less, and preferably 1 
micron or less. Most preferably, particularly in dealing with silica, the particle size 
is Jess than 0.1 microns. With these small particle sizes, the surface area per unit 
_ weight of the silicaand silica clay becomes quite high and the efficiency in forming 
15 a yield point at relatively low concentrations is increased. ° 15 

The coupling agent added to form the anaerobic compositions according to the 
invention, is a polar compound containing at least two active hydrogen atoms capable 
of entering into the coupling reaction with the silica or hydrated silica-alumina clay. 
The common classes are water and organic compounds containing at least two hydroxy! 
or primary or secondary amine groups. Preferably the organic compounds contain from 20 
2 to 4 hydroxyl or primary or secondary amine groups, and preferably do not contain 
more than 10 carbon atoms. Examples of suitable diol and di amin e compounds are 
ethyleneglycol, propyleneglycol, 1—3 butyleneglycol, glycerol, NN'-dimethyl ethylene 
diamine, NN'-dimethyl, propylene diamine, diethanol amine and triethanolamine. 

< The silica or silica clay is generally used within the range of 2% to 10% by 25 
weight of the anaerobic composition, and preferably from 2.5% to 7%.' The coupling 
agent generally is used in an amount of from 10% to 50% by weight of the silica or 
silica clay. Higher levels can be used without deleterious effect, but also without sig- 
nificant benefit. To avoid deleterious effect to the anaerobic composition, the coupling 
30 agent should not exceed -about 5 % hy weight of the anaerobic composition, and should 30 
preferably not exceed about 4%. A preferred lower limit is about 0.3% by weight of 
the anaerobic composition. ~ 

It is preferred to use no more of these two additives than is necessary to form 
a yield p0mt anaerobic composition of this invention, since higher use levels can 
35 adversely affect the strength and other desirable properties of the cured sealant or 35 
adhesive. Optimum levels of the additives will vary somewhat from one system to 
the next, depending upon the specific ingredients of the anaerobic composition. With 
the above-described use ranges as specific guides, a minimum of routine testing will 
easily determine the optimum use levels for the silica or silica clay and coupling agent 

49 therefore in any anaerobic composition. 4 q 

As indicated above, the anaerobic composition has as required elements a poly- 
merisable monomer and a peroxy initiator therefor which is latent in the presence of 
oxygen, but which is capable of polymerising -the monomer at room temperature within 
a reasonable period of time after removal of the inhibiting effect of oxygen. 
45 The monomers for use in the anaerobic compositions are polymerisable acrylate 45 

esters. When used in the composition of this invention, preferably at least a portion of 
the acrylate monomer is a di- or other polyacrylate ester. These poly-functional mono- 
mers produce cross-linked polymers, which serve as more effective and more durable 
sealants and adhesives. 

50 The polyacylate esters may be represented by the formula 50 
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wherein each R a is a hydrogen or a halogen atom or an alkyl group with from 1 to 
4 carbon atoms; q is an integer equal to at least 1, and preferably equal to from 1 to 
4; and X is an organic radical containing at least two carbon atoms and having a 
- SS of % P^ 8 L Wlth re S ard t0 to u PP er A** for the number of carbon atoms 55 
in X , workable monomers exist at essentially any value. As a practical matter, how- 
ever, a general upper limit is about 50 carbon atoms, preferably 30, and most prefer- 
ably 4Q.. 
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For example, X can be an organic radical of the formula 



O O 

— Y 1 — OCZi 



C—OY 2 — 



wherein each of Y 1 and Y 2 is an divalent organic radical, preferably a hydrocarbon 
group, containing at least 2 carbon atoms, and preferably from 2 to 10 carbon atoms, 
5 and Z is a divalent organic radical, preferably a hydrocarbon group, containing at least 
1 carbon atom, and preferably from 2 to 10 carbon atoms. Other classes of useful poly- 
acrylate ester monomers are the isocyanate-monoaaylate reaction reproducts described 
ux United States Patent 3,425,988 and the reaction products of di- or tri-alkylolamines 

io fctftffi with acrylic adds ' as " dWoBBd m 

The most highly preferred acrylate esters which can be used in the compositions 
foramk^ £ ° mventicn Polyacrylate esters which have the following general 

(2) 
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15 wherein each R 1 represents a hydrogen atom, a lower alkyl radical with from 1 to 4 
S?te£dT* a ^ ^ radiCal fr0m 1 t0 4 CMbon at0mSj or a radical <* 
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on R2 i^ preSCntS a ^^Sen or a halogen atom or a lower alkyl radical with from 1 

of ftrST at ° mS; ^Presents a hydrogen atom, a hydroxy group or a radical 20 

O 

_o-JLc-c 
i 

R 2 

m is an integer equal to at least 1, e.g. from 1 to 15 and preferably from 1 to 8 inclu- 
25 p & 5 0 n « I™ mtCgCr t0 at le3St 1j C ' g * 1 10 40 md VKBuOOy from 2 to 10; and 
Typical examples of polyacylate esters corresponding to the above general formula 
are di-, tri- and tetraethyleneglycol dimethacrylate; di(pentamethyleneelvcon di- 
methacrylate,; tetraethyleneglycol diacrylate; tetraethyleneglycol mYcMoroaoylate: di- 
^ yC ° ^^i^ ^glycerol tetramethacrylate; butyleneglycol dimethacrylate: neopentyl- 
30 glycol diacryJate; and trimethylolpropane triacrylate. 

While di- and other polyacrylate esters and particularly the polyacrylate esters 
described m the preceding paragraphs, have been found particularly desirable, mono- 
ftmctional acrylate esters (esters containing one acrylate group) may also be used. When 
dealing with monofunctional acrylate esters, it is highly preferable to use an ester which 
35 has a relatively polar alcoholic moiety. Such materials are less volatile than low mole- 35 
cular weight alkyi esters and, more important, the polar group tends to provide inter- 
molecular attraction during and after cure, thus producing more desirable cure pro- 
perties, as well as a more durable sealant or adhesive. Most preferably the polar group 
is a labile hydrogen atom, a heterocyclic ring, or a hydroxy, amino, cyano, or halogen 
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polar group. Typical examples of compounds within this category are cyclohexyl 
methacrylate, tetrahydrorurfuryl methacrylate, hydroxyethyl acrylate, hydroxypropyl 
methacrylate, t-butylarninoethyl methacrylate, cyanoethyl acrylate, and chloroethyl 
methacrylate. 

"£ As indicated above the anaerobic compositions as discussed herein are prepared 5 

by mixin g a peroxy initiator with one or more acrylate esters as described above. While 
certain peroxides (generally dialkyl peroxides) have been disclosed as useful initiators in, 
e.g. United States Patents 3,419,512 and 3,479,246, the hydroperoxides are highly 
superior and constitute a highly preferred embodiment. 

.10 The real benefit of the non-hydroperoxide initiators is as a co-initiator with the 10 

hydroperoxides to make the cure properties of the anaerobic composition more universal 
Hydrogen-peroxide may be used, but the most desirable polymerisation initiators 
are the organic hydroperoxides. Included within this definition are materials such as 
organic peroxides or organic peresters which decompose or hydrolyse to form organic 

15 hydroperoxides in situ. Examples of such peroxides and peresters are cyclohexyl 15 
hydroxycyclohexyl peroxide and r-butyl perbenzoate, respectively. 

While the nature of the organic hydroperoxides is net critical to the broad concept 
of this invention, the general class of hydroperoxides can be represented by the formula 
R*OOH, wherein R 4 is generally a monovalent hydrocarbon group containing up to 18 

20 carbon atoms, and preferably is an alkyl group with from 3 to 12 carbon atoms or an 20 
aryl or aralkyl group containing up to 12 carbon atoms. Naturally R* can contain any 
substituent or linkage, hydrocarbon or otherwise, which does not affect the hydro- 
peroxide adversely for the purpose disclosed herein. Typical examples of such organic 
hydroperoxides are cumene hydroperoxide, tertiary butyl hydroperoxide, methylethyl- 

25 ketone hydroperoxide, and hydroperoxides formed by oxygenation of various hydro- 25 
carbons such as methylbutene, cetane, and cyclohexane, and various ketones and ethers, 
including certain compounds represented by the general formula (2) above. 

The organic hydroperoxide initiators can be used within wide ranges, e.g., up to 
about 20% by weight of the composition. Most commonly, however, they comprise no 

30 more than about 10 percent by weight of the composition since above that level adverse 
effects on the strength and durability of the cured composition may be experienced. 
While in some instances lower amounts can be used, about 0.1% by weight of the 
composition is a common lower limit. Preferably the hydroperoxide initiator comprises 
from 0. 1 % to 5 % by weight of the composition. 

35 Common additives for anaerobic compositions are latent polymerisation accelera- 

tors, compounds which do not of themselves initiate cure, but which accelerate the cure 
once it has been started by the polymerisation iiritiator. It should be noted that large 
numbers of polymerisation accelerators are known in the art, and the broad concept of 
this invention is intended to encompass any polymerisation accelerator which can be 

40 incorporated in the anaerobic composition without destroying the essential character- 40 
istics of such composition. 

Among the earliest of the polymerisation accelerators used in anaerobic com- 
position were amines. The most commonly used are tertiary amines such as tributyl- 
amine and liietuylamine. Essentially the entire class of tertiary amines can be used in 

45 such compositions, and the class may be broadly represented by the formula 45 

NR a R 6 R T 

wherein each of R 5 , R° and R T is a monovalent hydrocarbon group containing up to 
about ten carbon atoms. Naturally the hydrocarbon groups can contain any substituent 
or linkage which does not adversely affect the workability of the amine to perform its 
50 intended function. Preferably, each of R 6 , R 6 and R 7 is an alkyl, aryl or aralkyl group 
containing up to 8 carbon atoms. 

. The N,N-dialkyl aryl amines are particularly effective tertiary amines. Typical 
amines within this class may be represented by the following general formula: 



R 8 

\ 

N— E — (R l0 ) t 
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50 



55 wherein E represents a benzene or naphthalene nucleus; R 8 and R 9 are monovalent 55 
hydrocarbon groups containing up to 10 carbon atoms, and preferably are low alkyl 
radicals of 1 to 4 carbon atoms; t is 0 or an integer from 1 to 5 inclusive; R 10 is a mono- 
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yalent hydiocarbon or alkoxy group containing up to 5 carbon atoms, and preferably 
is a lower alkyl cr a lower alkoxy radical with 1 to 4 carbon atoms, provided that when 
an R 10 radical is in the ortho position, t is greater than 1. 

Primary and secondary tmines also can be used as accelerators in the anaerobic 
5 compositions of this invention. Particularly good primary and secondary amines are 
the primary and secondary alkyl amines, most particularly those wherein each alkyl 
group contains up to 10 carbon atoms. A separate and highly preferred class of second- 
ary amines has been found to be the class of heterocyclic secondary amines, partial- 
larly heterocyclic secondary amines containing up to 20 carbon atoms. It also is pre- 
10 ferred to use those amines wherein the heterocyclic ring is hydrogenated. Troical ex- 
amples of such compounds are pyrrolidine, piperazine and 1,2,3,4-tetrahydroqmnoline. 

Another highly successful class of accelerators is the organic sdphimides ie 
organic compounds which contain the group "* 
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15 Because of the extreme effectiveness of the sulpliimides as accelerators for anaerobic 15 
compositions, compositions containing sulphimides constitute a highly preferred em- 
bodiraent of the present invention. While the broad class of organic sulprumides can 
be used successfully, the sulphimides most commonly used can be represented bv the 
formula J 



20 



wherein each of R 11 and R 3S is a monovalent hydrocarbon group containing up to ten 
carbon atoms, and preferably up to six carbon atoms. Naturally R 11 and R" can con- 
tarn any linkage or substituent which does not adversely affect the sulphimide for its 
mtended use in the anaerobic composition. Further, R»- and R» can be united to bond 
the sulphimide group in a heterocyclic ring, or a polynuclear heterocyclic ring system. 25 
fJnbk ° rgamC sulpblmdes > ben20ic sulphimide has been found to be the most pre- 

An even more highly preferred composition is that which contains a sulphimide, 
particularly benzoic sulphimide, in combination with either a heterocyclic secondar^ 
30 amine or a tertiary N,N-diaIkyl aryl amine, both of which are described above. Vox 30 

Ste^^l8 305 011551011 tyPe ° f reference is made to United States 

Other less active accelerators can be used in the compositions of this invention. 
Ijpical examples cf such accelerators are succimmide, phthalimide and formamide 

Routine testing will easily determine the optimum amount of accelerator which 35 
can be incorporated in any given anaerobic composition. However, the Mowing general 
guide lines may be used. With regard to tertiary amines, large amounts may be used 
!L, •< 3 U P t°. ab0 3* 8 lucent by weight of the composition, or higher. However, 
bttie if any additional benefit is obtained above about 5 percent. Most ^ferably these 
tertiary amine accelerators are used in an amount of from 1 percent to 4 percent by 40 
weight of the anaerobic composition. The succimmide, phthalimide and formamide 
accelerators can also be used in significant amounts, up to about 8 percent bv weieht 
of the composition, or higher, and preferably from 1 percent to 5 percent by weight 
I he sulphimide and heterocyclic secondary amine accelerators generally are used at 
45 1 ^sthan about 4 percent by weight of the anaerobic composition. In the special case 45 
S^- a ii , P t lde . ,s m rombinati °n with a heterocyclic secondary amine or an 
N,N-dialkyl arylamine, the total of the two accelerators preferably does not exceed about 
4 percent by weight of the anaerobic composition, and either component does not 
exceed about 3 percent by weight. ^ " oc 

. ingredients can be used in the anaerobic compositions of this invention, and 50 

in its preferred aspects polymerisation inhibitors are included to offer protection amhist 
spurious polymerisation prior to the time of intended use. The quhiones have been 
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found to be a particularly effective class of polymerisation inhibitors. Examples of 
such quinones are ^-naphtha quinone, 2-methoxy-l, 4-n aphthaquinone, and p-benzo- 
quinone. 

Other typical ingredients which can be used if desired to impart commercially 
5 desirable properties to the composition are thickeners, plasticisers, dyes, adhesive agents 5 
and thixotropic agents. Such materials can be used in such combinations and propor- 
tions as is desired, provided they da not affect adversely the anaerobic nature of the 
composition. While exceptions may exist in some cases, these materials in toto generally 
da not comprise more than about 50 percent by weight of the total composition, and 
10 preferably not more than about 20 percent by weight of the composition. 10 
Hie above described anaerobic compositions can be prepared by the use of any 
conventional mixing technique which obtains uniform distribution of the silica or 
silica clay and the coupling agent throughout the remainder of the composition. While 
the order of addition is not critical, it has been found preferable to uniformly dis- 
15 tribute the silica or silica clay throughout the remainder of the ingredients of the 15 
anaerobic composition prior to the addition of the coupling agent. Additionally, it has 
been found preferable to add the silica or silica clay and coupling agent by the use 
of high shear mixing, since this optimises the speed and uniformity of the distribution 
and helps to prevent agglomeration of ingredients which are not readily dispersed. 
20 As indicated previously, another aspect of this invention concerns parts or objects 20 

for assembly, at least a portion of the engagement areas of which are coated with a 
yield point anaerobic composition according to the present invention. "Engagement 
areas" refers to the areas of the parts which mesh or otherwise mate with a second 
part to which it is to be sealed or bonded. For example, the outer race of a bearing is 
25 an engagement area, as this area is mated with a second surface (such as the inside of a 25 
hub) to hold the bearing in place. 

In a particularly preferred embodiment of the invention, the yield point anaerobic 
composition is coated onto at least a portion of the threaded' area of a threaded part, 
such as a threaded fastener or a threaded pipe. The composition can easily be applied 
to the threads while in the liquid state, and thereafter will gel, or solidify, in the thread 30 
roots to form a pre-applied and durable thread sealing or thread bonding coating. 

The invention is illustrated by the following examples which are given to demon- 
strate processes, and compositions within the scope of the present invention and are not 
intended to be limitations in any way upon the scope of the invention. Unless specific- 
35 ally stated to the contrary, all ratios and percentages In the following examples are 35 
expressed on a weight basis. All silica and silica clay used in the example had an 
average particle size less than 2 microns. 

EXAMPLE I 

Anaerobic Composition I was prepared having the following approximate com- 
40 position: ~ 49 

Ingredient Approx. Wt. % 

Polyethyleneglycol dimethacrylate 

(molecular weight=330) 77.8 

Polyethyleneglycol di-2-ethylhexoate 12.7 

45 Polystyrene 5.3 45 

Cumene hydroperoxide 3.0 

N,N-diethyl p-toluidine 0.5 

Benzoic sulpnimide 0;4 

N,N-dimethyl o-toluidine 0.3 

50 ^-Napthaquinone 100 parte per million 50 

Anaerobic Composition I was a freely flowing liquid with a viscosity at 25°C of 
about 125 centipoise. To this composition were added with high shear mixing about 
5.25% by weight silica and about 0.5% by weight water, the percentages being based 
on the weight of Composition I, and mixing was continued until a clear, uniform solu- 

55 tion resulted. The final mixture was immediately poured into cylindrical containers 55 
and allowed to remain at rest. When viewed after one hour, it was found that the 
compositions had solidified and become non-flowable and gel-like. Cylinders of the 
"gelled" material 3/4" in diameter were cut 1-1/4" and 1-5/8" long, respectively, 
and placed upright on a table. These cylinders supported their own weight and did not 

60 migrate or liquefy with the passage of time. " " 60 
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After gelation in a beaker, a portion of the above composition was subjected to 
rapid stirring; it rapidly assumed a liquid state and could be poured from the beaker 
in a similar way to . a normal liquid. As rapidly mixed, it had an apparent viscosity 0 f 
approximately 2,000 to 5,000 centipoise. y 
RmJ^TE^jl S5 1 ^queued composition was poured in a beaker and inserted in a c 
Brookfield Model RVJ viscometer equipped with a No. 6 spindle. After the material 5 
nad gelled, or solidified, the viscometer was turned on and the amount of torque applied 
was noted at the point when the first movement of the spindle was detected From 
* j SW1 ' rt was calculated tn « tne liquid withstood a shear force of approxi- 

mately 550 dynes per square centimetre before flow commenced. All of the above tests in 
confirm that plastic flow characteristics had been imparted to Anaerobic Composition I 
thus forming a composition within the scope of the present invention 
—r^^S?* ,? f ^ e abOTe composition was stkltd " liquefied, and was then 
SE^LS? hq P£ state t . t0 the ,J,reads of a serics of standard black oxide bolts. It 
was noted that within a shore tune the liquid material assumed a gelled, or solidified, k 
state m the threads of the boh. The bolt could be moved and vibrlted without aS 15 
iw?£ *° 2 i exture °l ""PorfAa in the thread roots. Mating nuts were 
hereafter assembled onto the coated portion of the bolt The assembly was com- 
£L?i^, W1 A t l 0Ut ^ e USC of i.e. essentially no resistant to the nut 

was observed. After 15 minutes, 60 minutes and 24 hours from the time of assembly, 

™« °^u reqmred t0 move the nut ielative t0 boIt trough one revolution 

r^Svefy t0rqUCS WCre "sPx^r- 18 100 kg-cm, and 100 lq>SJ 

25 «t *w £ m P°fj tion w ?f subjected to room temperature ageing and accelerated ageing 
Zt~ In each case the composition was found to retain the shelf-stable charatter- 
££La conventional anaerobic compositions, i.c, the composition remained in the 
St Jf tt f LP^fy ffl>Pty .bottle. Thereafter the composition would cure 
rapidly when placed m the substantial absence of air, such as on the threads ofa 
standard nut and bolt 

30 EXAMPLE II 

• v ^^ a T h l C COm P° sitio ° was prepared with essentially the same composition as 
ui Example I, above, except that the silica was replaced by an equivalent amount, ie 
ST £2?°?/"$ 35 f° P - rtmd , c l he amomlt 3f hydrated silica, of montmorillonite 
$JfW*^ B ? tam ^ Ck . y) S0ld wda ^ name of "BentonW2r' (Bentone fe a 
Z"™ Substantially identical results were achieved in that a stable anaerobic « 

composition possessing a yield point was obtained. -nacnjoic 35 

™ e J^ TO ° dand , third anaerobic compositions were prepared, each with the same com- 
STSk^ ab °^ ""P 1 ^ xcond aerobic composition addi- 
40 "S 1 ai , 5 % ^7 weight glycerin and the third additionally conmined 0.15% 

b7 waght ethyleneglycol. Substantially identical compositions of mis invention po£ 
s«sing yidd points were produced, except that the compositions of this Example were 
tLoJSftj? 0 *, ^P****™ Example I, and slightly greater amountTof 
mechamcal energy (e.g., sumng) were required to liquefy the compositions. 

., . v . „ EXAMPLE III 

position^ C Composition 11 Prepwed having the following approximate com- 45 

Ingredient Approx. Wt. % 
Polyethyleneglycol dimethacrylate as in 

Example I 68 3 

50 Bisphenol-A-fumarate 2S.S en 

Cumene hydroperoxide 2 0 

Benzoic sulphimide 0 4 

N,N-diethyl-£-tolmdine n 5 

N,N-diethyl-o-toluidine 0 ' 3 

55 0-Naphmaquinonc 100 parU .- ^ 

. This comiwsition was a conventional free flowing liquid with an approximate 
viscosity at 25»C of 500 centipoise. Under high sheaV i^t ««w riK 
0.5% water by weight were add«£ the percentages bein^bSn the wtiL of Com 
position II. The composition, after remaining at rest, formed a finn LTflWable ^ 
60 hke substance, sinular to that described in Example I, above. The^on-CableTd 
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20 



25 



could be brokenand the system converted to a readily flowable liquid by rapid miring 

in a beaker. When returned to rest, the composition reverted to the non-flowable 

structure. One inch high cylinders of the gelled material 1" and 3/4" respectivelv 

in diameter would support their own weight without flow. When applied to the threads 

of a bol£ the composition would readily re-solidify to its gelled- state and would not be 5 

moved from the thread roots under moderate mechanical vibration and handling. 

^ 7^ 2™?°^?* ? f 5^ Exam P le was sti"^ Uquefy it, and was then coated onto 
standard black oxide bolts in the test described in Example I. When tested after 15 
minutes, 60 minutes, and 24 hours, the required torques were 10, 245, and 344 ke-cm 
iu respectively. ° ^ 

Portions of the composition were heat aged at 82°C, or aged at room temperature. 
Each sample retamed its anaerobic characteristics, e.g., remained in the uncured state 
when stored m partially empty bottles, but cured when thereafter placed in the sub- 
stantial absence of oxygen, such as between the threads of a mated' nut and bolt. 

15 WHAT WE CLAIM IS:— 15 

1. An anaerobic composition which is gelled and non-flowable when at rest com- 
prising a polymerisable acrylate ester monomer, a peroxy polymerisation initiator cap- 
able of polymerising the ester at room temperature in the substantial absence of oxygen" 
silica or a hydrated sihca-alumma clay having an average particle size of 2 micronl or 
less, and a polar coupling agent for the said silica or hydrated swca-alumina clay 20 
having at east two active hydrogen atoms, the anaerobic composition having a yield 
point of at least 100 dynes per square centimeter. y 

2. A composition as claimed in claim 1, containing from 0.1 to 20% by weight of 
an organic hydroperoxy polymerisation initiator. 

3. A composition as claimed in Claim 2 containing from 0.1% to 10% by weight 25 
of organic hydroperoxy initiator. B -° 
. * £ conmpridoa as claimed in any of claims 1 to 3 containing from 2% to 10% 

by weight of silica or hydrated smca-dumina clay. 7 
™ •«* 5 ' \ composition as claimed in claim 4 containing from 2.5% to 7% bv weieht of 
30 silica or hydrated siUca-alurnina clay. 7 y g 

6. A composition as claimed in any of claims 1 to 5 containing from 0 3% to 5* 
by weight of the polar coupling agent for the silica or silica-alum^ day * * 

7. A composition as daimed in any of daims 1 to 6 containing from iW to 50°/ 
35 sfcSS Sy P **** 3gent ^ ° n fc « * siUca 1 oAydS/d 

atn Jo' A apposition as claimed in any of claims 1 to 7 wherein the active hydrogen 

'JtZEft C ° Upl ? lg agCDt 8re ** hydr0gen atoms of TO * or of bydrroy? « 
prunary or secondary amine groups. 

40 „ 9< A ^POJ^onas claimed in claim 8 wherein the polar coupling agent is water 
40 or an ^organic did or diamine attaining up to 10 carton atoms agent is water, 

100 tl Somn3Kj a 38 daimed * of dains 1 10 9 8 y ield P oint of from 
too to 10,000 dynes per square centimeter. r 

least %> *SSRS5J ^ ° f d8imS 1 t0 9 ^ a ^ ° f " 

45 of frimwTlSy 1 to "having a high sbear viscosity 45 

A composition as daimed in any of claims 1 to 12 wherein the polymerisable 
polyacrylate ester monomer or a monoacrylate eK 

50 SI . h0hc m °t^ a poIar S»"P wh ich is a labile hydrogen 

50 atom, a heterocyclic ring or a _ hydroxy, amino, cyano or halogen polar group. 50 

.«rfnlt«iw P ° 8 ?5? w daimed fa of claims 1 » 13 additionally tuning an 
amine accelerator of free radical polymerisation. 8 

organ* ndjSSS** " " ° f d>ta 1 * H additionalI y 311 

stantudly as hereinbefore described with reference to any of the ExampIeT 
r! a ,™» i . pr °f Ss £i Production of an anaerobic composition as claimed in any of 
claims 1 to 16 which comprises uniformly distributing me silica or 
fiO 5l3 day mi ^ P° la 5 ^P^g agent therefor inthc remaintog Z££S* of Ae 

£S! COmposmon md allowin S *e mkture to stand until it forasTgdX 60 

18. An artide for assembly with a mating second article at least a portion of the 
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engagement area of the article being coated with a composition as claimed in any of 
claims 1 to 16. J 

19. An article as claimed in claim 18 wherein the article is a threaded fastener or 
a threaded pipe. 
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